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SUMMARY 


Long range thermal performance tests of the Largo Solar Residential 
Hot Water System were initiated on September 22, 1977, concurrent 
with results published in Reference 2.1, and terminated on August 16, 
1978. The system was in continuous operation during this period, 
with the exception of approximately ten days to replace a broken 
cover plate and correct damage resulting from a failure of the 
freeze protection device. The freeze protection system was cor- 
rected and the teats were continued with no additional problems. 

Visual deterioration of the system has been limited to two cracked 
cover plates, resulting from inadequate allowance for thermal 
expansion/contraction of the solar collector. No noticeable degrada- 
tion in performance has been observed. A graphical presentation of 
the original thermal efficiency data for the collector and current 
data are shown in Figures 3 and 4, respectively. 

The efficiency values are scattered due to transient ambient condi- 
tions and make a comparison difficult. A more accurate comparison 
of system performance can be made frcxn Table I. The average daily 
system efficiency for the long range evaluation was approximately 
25 per cent. The original testing period also yielded an average 
efficiency of approximately 25 per cent. 
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1.0 


PURPOSE 


The purpose of this report is to present the test pro- 
cedures used and the test results obtained during the 
long range thermal performance tests of the Largo Solar 
Hot Water System under natural environmental conditions. 
The tests were conducted at the Test Bed No. 1 Facility 
of the Marshall Space Flight Center Solar Test Facility. 
The primary objectives of these performance evaluations 
are listed below: 

• Determine the amount of energy collected by the systrm. 

• Determine the power required to operate the system. 

• Determine system efficiency. 

• Determine temperature distribution within the tank 
(stratification) . 

• Determine system performance degradation. 

The test program was conducted in accordance with Refer- 
ences 2.1 and 2.2. 

2.0 REFERENCES 

2.1 DOE/NASA CR-150841 Largo Hot Water System Thermal 

Performance Test Report 

2.2 ASHRAE 93-77 Method of Testing Solar Collectors 

Based on Thermal Performance 
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TEST REQUIREMENTS aND PROCEDURES 


System Thermal Efficiency Requireaents 

Thermal performance evaluation criteria shall correspond 
to that of Reference 2.1. Measurenents and data shall 
be accumulated over an operational period of approximate- 
ly one year, under natural climatic conditions. The test 
shall be conducted at the Test Bed I'lo. 1 Facility, as 
shown in Figure 1, using a simulated hot water load sched- 
Complete weather records will be maintained, as well 
as the following test parameters: 

1. Ambient temperature 

2 . Collector inlet liquid temperature 

3 . Collector outlet liquid temperature 

4 . Liquid flow rate 

5. Insolation rate 

6 . Wind speed and direction 

7. Auxiliary energy consumed by the system 

8. Temperature profile within the domestic hot water tank 

Test Procedure 

1. Mount and instrimnent the system as shov^n in Figures 
1 and 2. 

2. Turn on city water supply to domestic water heater. 
Supply power to the freeze protection system, pump 
and domestic water heater. 

3 . Tests performed shall be on a 24 hour basis, with 
data accumulation during the normal work, schedule 
Monday through Friday, from 8:00 A.M. until 4:00 P.M. 

4 . The daily operational not water loading sequence shall 
be a 21 gallon load at 8:0C A.M. and 12:00 Noon. 

5. The water will be drained from che domestic water 
heater at a rate of 3 ±0.2 GPM into a graduated con- 
tainer . 

6. Throughout the test interval, data will be accumulated 
by the computerized data acquisition system in Build- 
ing 4646. 


2 


ANALYSIS OF RESULTS 


Thermal Performance Test 


The analysis of data contained in this report is in 
accordance with the National Bureau of Standards recom- 
mended approach. This approach is outlined below. 

The efficiency of a collector is stated ass 


qu/A 

I 


™ ^tf t^f#e “ ^f,i) 
I 


where: 




» rate of useful energy extracted from the 
solar collector (BTU/Hr) 

* Gross collector area (Ft^) 

=* Total solar energy incident upon the plane of 
the solar collector per unit time per unit 
area (BTU/Hr-Ft2) 

=» Mass flow rate of the transfer liquid through 
the collector per unit area of the collector 
(Lbm/Ft2 . Hr) 

= Specific heat of tbe transfer liquid (BTU/Lb-“F) 

= Temperature of the transfer liquid leaving the 
collector ("F) 

= Temperature of the transfer liquid entering the 
collector ("F) 


Rewriting Equation (1) in terms of the total collector 
area yield: 

^ (mA)Ctf (tf^e - tf,i) M Ctf (tf,e - tf,i) 

^ (lA) Pi 

Notice that: 

P£ a lA = Total power incident on the collector 

inA a M a Total mass flow rate through the collector 

Therefore, M Ctf (tf^e ~ tf,i) = Total power collected by 
the collector. 
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4.0 


ANALYSIS AND RESULTS (Continued) 


4.1 


Thermal Performance Test 


Substitution in Equation 

- Pabs 

71 3 ^ » ■ 

Pine 


(Cont inued) 

(2) results in: 


where: 

Pabs = Total collected power 



( 3 ) 


1 


Pine =* Total incident power 

This value of efficiency is expressed as a percentage by 
multiplying by 100, This expression for percent effi- 
ciency is: 

Collector Efficiency = x 100 (4) 


or from Equation (2), collector efficiency 
by the equation: 


% Eff 


M Ctf (tf^e - tf^i) 

Pine 


X 100 


is defined 


(5) 


Each term in Equation (5) was measured and recorded in- 
dependently during the test. 


The mean value of efficiency was determined over a five- 
minute period during which the test conditions remained 
in a quasi-steady state. Each five-minute period con- 
stitutes one "data point" as is graphically depicted on 
a plot of percent efficiency versus 

( ti - ta)/I ) 

where : 

ti = Liquid inlet temperature (“F) 
ta = Ambient temperature (°F) 

I =» Incident flux per unit area (BTU/Hr • Ft^) 

The abscissa term ((t£ - tj)/I ) was used to normalize 
the effect of operating at different values of I, ti and 
ta* The results are shewn graphically in Figures 3 and 4. 
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4.0 


ANALYSIS AND RESULTS (Continued) 


4.1 Thermal Performance Test (Continued) 

Analyses were performed of data obtained from Largo 
system tests to evaluate thermal performance pareuneters. 
Equations used to evaluate the test data are indicated 
in the following paragraphs. 

Solar Energy Availcible 

The total daily solcu: energy available was calculated 
for the interval of time that the Largo system controller 
and simultaneously the data acquisition system were active. 

Qs - 

where, 

Qs » Total daily solar energy avail^U^ie 
Ac =» Gross collector area 
1001 a* Measured solar insolation 
IT » Time 

Solar Energy Collected 

The quantity of solar energy collected on a daily basis 
was evaluated by 


Qc 

s 

1 W370Cp (T171-Tl70)d'T 

where, 


X 

Qc 

s 

Solar energy collected 

W370 


Liquid flow rate 

Cp 

- 

Specific heat 

T171 

- 

Collector fluid outlet temperature 

T170 

» 

Collector fluid inlet temperature 

X 


Time 


Hot Water Load 

The total daily hot water loads were evaluated using the 
equation. 


■f' 


lOOlAcdr 
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ANALYSIS AND RESULTS (Continued) 


Thermal Performance Test (Continued) 
n 

Qh - Cp y*Mn(T372-T371)n 
n*0 

where , 

Qg « Total daily hot water load 

Cp « Specific heat 

M “ Mass of water during each load 

(T372-T371) « Temperature difference between outlet 
to load and city water inlet during 
each load interval 


Total Electrical Energy 


The total electrical energy was the sum used by the hot 
water heater element and the pump. 


Qe 

where , 


■C‘ 


EP370d'T 


I E] 


EP371d'f 


Qe =• Total electrical energy used 

EP370 » Electrical power cf heater element 

EP371 « Electrical power of pump 

'ZT ai Time 

Overall Heat Transfer Loss Coefficient of Hot Water Tank 


This parameter was evaluated by the recording of liquid 
temperature existing in the tamk emd the ambient air 
temperature over night on a strip chart. Temperature 
sensors used to estadslish liquid temperature profiles 
%iere used to determine a bulk average temperature transi- 
ent and the overall loss coefficient warn evaluated. by , 

. Vt PCp (Ti-Tf) 

(Tw-Ta) 

where. 
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4.0 ANALYSIS AND RESULTS (Continued) 

4.1 Thermal Performance Test (Continued) 

Ul “ Overall tank heat transfer coefficient 
= Volume of tank 
(O » Density 
Cp » Specific heat 

fi » Initial liquid bulk average temperature 

ff » Final liquid bulk average temperature 

C^~V » Time interval from initial to final conditions 

fw “ Arithmetic average temperature of bulk liquid 
for time interval 

Ta » Arithmetic average ambient air temperature for 
time interval 

Test data was recorded over a 24 hour basis to evaluate 
the overall heat transfer less coefficient (Ul) of the 
domestic water heater. This test data consisted of bulk 
average temperature of water in the tank and the auabient 
air temperature which are shown graphically in Figure 5 
as functions of time. The overall tank heat transfer 
coefficient was determined to be 9.6 BTU/Hr*®F. This 
value was utilized to obtain the daily system losses in- 
dicated in Table I. Table I provides a summary of the 
long range thermal' performance test results. 

The average daily system efficiency for the long range 
performance evaluation was approximately 25 per cent. 
Daily values at the end and beginning of test correspond 
to this value, indicating no obvious degradation. 

Typical temperature stratification effects are shown in 
Figure 6. It is apparent from this graph that a limited 
aunount of mixing existed in the tank, prior to the 21 
gallon load. Circulation of fluid through the tank by 
the system pump relaxes the stratification effects which 
existed prior to activation of the pump. 
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